Abstract Contact-guided-wave tests are impractical for investigating specimens with limited accessibility and rough surfaces or complex geometric features. A non-contact setup with a laser-ultrasonic transmitter and receiver is quite attractive for guided-wave inspection. In the present work, we developed a non-contact guided-wave tomography technique using the laser-ultrasonic technique in a plate. A method for Lamb-wave generation and detection in an aluminum plate with a pulsed laser-ultrasonic transmitter and Michelson-interferometer receiver was developed. The defect shape and area in the images obtained using laser scanning, showed good agreement with the actual defect. The proposed approach can be used as a non-contact online inspection and monitoring technique.
Introduction
Ultrasonic guided wave technique has received a great deal of attention as an important tool for nondestructive testing (NDT). This is mainly attributed to the capacity of the waves to travel long distances without substantial attenuation.
This advantage of the guided wave approach provides the possibility to inspect inaccessible or hidden areas [1, 2] . The waves can propagate over considerable distances without point-bypoint scanning, and the wave propagation interacts throughout the entire thickness of the structure, which means that it not only find surface defects, but also internal defects [3] [4] [5] .
Another remarkable progress in guided wave NDT is its imaging potential in hidden or inaccessible damage zones. One of the most effective ways to quantitatively monitor a structure is to obtain an image either via scanning or tomography. There have been many different tomographic schemes, and some of the most well-known methods are the time-of-arrival imaging method, the time difference of arrival imaging method, the energy arrival method, and the reconstruction algorithm for the probabilistic inspection of damage (RAPID) method [6, 7] .
RAPID is apt for efficient implementation with ultrasonic guided wave features. A major advantage of the RAPID algorithm is the simplicity of the data interpretation, in that the wave diffraction is accounted for only on the line of the propagation path with the linear interpolation of the defect location probability distribution based on the distance from the on-line wave propagation path.
Tomographic imaging of plate structures using Lamb waves is often desired when the test area is not directly accessible and must be probed from outside the area. However, most of the related works were done with contact-based techniques such as immersion transducers and conventional piezoelectric sensors [8] . These 
The time   is the direct arrival time for each transducer pair,  is the mean of the corresponding signal, and ∆ is a time window.
If the signals are identical, the SDC is zero, and if the signals are completely out of phase, the SDC will achieve its maximum value of 1.    is the ratio of the sum of distances of the point (x,y) to the transmitter i and receiver j to the distance between the transmitter and receiver, and it is mathematically stated as: 
However, if the approximate distance of the defect zone on the transmitter-receiver pair is known,  can be calculated using equation (3) .
If all of the distances of the defect range are the same on all of the transmitter-receiver pairs, the  parameter is a uniform number. However, the distances of the defect range are not equal to those of the transmitter-receiver pairs, so the value of  will vary. The shape factor  is related to the transmitter-receiver pairs, so equation (2) has to be changed as follows: 
Information of Specimen and Experimental

Set-Up
Samples
The specimens under investigation are aluminum plates. The thickness of the specimen is 1.0 mm, and its area is 150 mm × 300 mm.
There are two specimens with different shape of cracks in this study, as shown in Fig. 1 , where the laser scanning area is also illustrated. To make sure that the laser-generated signal propagates through the whole area of 65 mm × 65 mm, wave signals were generated from two sides of the specimen. Fig. 2 shows the sensor network. Scanning length is 8 mm along X and Y axis.
Calibration of Laser Experimental Set-Up
A wavelength of 1064 nm from a fiberized Nd:YAG pulse laser system was used to generate guided waves, while the pulse laser system emits pulses of energy. On the laser 
Results and Discussion
A time-velocity analysis was first performed to verify the guided wave modes in the signal can also be calculated using equations published in earlier work [8] . The image reconstruction result using the laser-based ultrasonic approach is shown in Fig. 8 . The image reconstructed by this technique shows similar area and shape to those of the actual defect.
Conclusion
A non-contact guided-wave tomography technique using a laser ultrasonic method in a plate-like structure was used to find the area and location of a defect. A method for Lamb wave generation and detection in an aluminum plate with a pulse laser ultrasonic transmitter and a Michelson interferometer receiver was developed for guided-wave nondestructive testing.
The image of the defect shape and area obtained by laser scanning showed good agreement with the actual defect. The proposed approach can be used as a non-contact-based online inspection and monitoring scheme.
